This paper describes and illustrates the principal differences between the newly-released KIVA-II and the KIVA computer programs. Both programs are for the numerical calculation of two-and three-dimensional fluid flows with chemical reactions and sprays. Because of improvements to KIVA-II, it is faster, more accurate, and applicable to a wider variety of problems involving combustion and two-phase flow.
INTRODUCTION
The KIVA-II computer program 1 has been developed for tlle numerical solution of transient two-and three-dimensional fluid flows with chemical reactions and sprays. KIVA-II extends and enhances the capabilities of the earlier KIVA code, 2'3 improving its numerical efficiency and accuracy and its ease-ofuse and versatility. In this paper we describe the principal differences between KIVA-II and KIVA and illustrate these with computational examples.
KIVA-II retains several of the basic features of the KIVA code, and users of KIVA should find the transition to KIVA-II to be straightforward. Finite differencing is based on a finite volume method called the ALE (Arbitrary L_agrangian-Eulerian) method. 4'5 Spatial differences are formed with respect to a computational mesh composed of arbitrary hexahedrons. Spatial differencing is made conservative whenever possible by differencing integral forms of the conservation equations. Cartesian components of the velocity field are stored at cell vertices, and the linear momentum equations are differenced in a strictly conservative fashion. All other fluid variables are stored at cell centers. As in KIVA, 3 KIVA-II uses cell-face velocities during a portion of the computational cycle to reduce the susceptibility of computed solutions to parasitic velocity modes and thereby largely eliminate the need for alternate node coupling. 1'2 Temporal differencing is based on a computational cycle that is divided into two phases -a Lagrangian phase and a rezone phase. In the rezone phase the vertices, which have moved with the fluid in the Lagrangian phase, are moved to new user-specified positions, and the flow field is remapped onto the new computational mesh. The formulation allows a Lagrangian, Eulerian, or a mixed description. The arbitrary mesh can move to follow changes in combustion chamber geometry, such as occur in internal combustion engines.
Equations for an evaporating liquid fuel spray are solved using the stochastic particle method. 6'7 Computational particles -which represent droplets of specified size, velocity, and temperature -interact with the fluid by exchanging mass, momentum, and energy in a conservative fashion. Probability distributions often govern the assignment of particle properties at injectors or the evolution of particle properties at downstream locations. When this is the case, the distributions are randomly sampled to determine the particle properties or their evolution.
The differences between KIVA-II and KIVA are summarized in Table 1 . 
